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CONCUSSION of the spinal cord had already been an object
of study before the present war era, but authors were only
able to devote themselves to a description of the anatomical
and clinical manifestations following on direct blows to the
vertebral column or on falls from a height. Experimentally
it was also possible to observe the lesions produced by
successive blows on the vertebrae. We may recall the
studies which had already established the existence from
the clinical and anatomical point of view of concussion
of the nervous centres, notably of the cord, because we
wish to limit this account to the description of functional
disorders and alterations in the cord which occur in those
who have been subjected to gunshot injury, but in whom the
cord has not been directly damaged by the missile. We 

Lare speaking here of traumatisms due to the bursting of
shells near the patient, or of wounds produced by projectileswhich have not struck the cord itself. ’J

I.

Concussion of the cord may be’divided into two categories:
(a) Indirect concussion, resulting from the bursting close to
the patient of large shells, and in which the symptoms are
caused by sudden variation of pressure. (b) Direct con-cussion, produced by the impact on the vertebral column or
at a certain distance from it, of various projectiles (bullets, I
shell splinters, &c.), but in which the cord and its membranes 

Ihave not been damaged by the missile. Such is the distinct
tion which we have endeavoured to make in our previous
work on this question. In both cases the spinal lesions are
associated with the agitation of the nervous centres which
have not been directly injured by the missile.

(<x) Indirect conoussion.-Indirect concussion includes those
cases in which spinal paralysis occurs as a result of the
explosion of projectiles of large calibre, and in which it is
impossible to find any external wound as the explanation.
From the beginning of the war these facts arrested the
attention of medical officers; they have been attributed to ithe action from a distance on the central nervous system of i
the "wind from the bullet," but it is necessary to subject i
these observations to a critical and careful study in order to I
discriminate between disorders of organic origin and those of
a psycho-neuropathio nature.

In France the cases of Sencert, of Ravaut,2 of Guillain,3
of Heitz, of Babinski,5 of P. Marie and Chatelain have
put beyond a doubt the existence of motor and sensory dis-
turbances due to organic lesions of the cord in patients
showing no evidence of any wound, but who were within the
range of an exploding shell. A. L&eacute;ri has collected most of
these facts in a critical study.

Functional disorder may supervene immediately after the
explosion. The patient is unable to use his limbs, he has
the impression that they have been carried away, whilst at
the same time he often complains of severe pain in the
back. Sometimes disorders at first little noticed become
accentuated some hours later. On the other hand, in some
cases paralyses, which before had been general, are seen to
lessen and to become limited to certain limbs (Lhermitte 8).
A. L&eacute;ri has insisted lately on the presence of " delayed" "
concussion, in which several days and sometimes even weeks
after the explosion the first important gross symptoms of
organic lesion have made their appearance.
The spinal syndrome following concussion due to explosion

generally assumes the aspect of a quadriplegia or a

paraplegia caused by transverse myelitis. The paralysis
is accompanied by changes in the tendon reflexes, by

disturbances of sensation, weakness of the sphincters,
and trophic phenomena (bed-sores), such as are found
in organic spinal lesions. But it should be borne in mind
that there may be partial paralysis, anaesthesia, of abnormal
distribution, and retained reflexes which make the diagnosis
doubtful, at least at first, because the hypothesis of

simple functional disease is not easy to eliminate. The
organic signs then only develop slowly. Such are certain
muscular atrophies indicating an alteration in the grey
matter of the cord, and giving, on electrical examination,
the reaction of degeneration. These amyotrophies, moreover,
tend to improve.
The evolution of these paraplegias or partial paralyses

occurring after concussion varies according to the extent
and gravity of the lesions. Relaxation of symptoms or their
transformation into others is fairly common. For example,
paralysis, flaccid at first, tends to become spasmodic.
Nevertheless, the prognosis often continues quite favour-
able. A fatal termination, however, may occur either

during the early hours or days as the result of shock, or
later from pulmonary complications or various infections.

It is difficult to follow completely the history of indirect
spinal concussion caused by explosion, because the morbid
anatomy, and, above all, the histology of the lesion has

not yet been investigated. Lumbar puncture, it is true,
has shown in some cases the presence of haemorrhage into
the cerebro-spinal fluid or the remains of hemorrhage (albu-
minose, xanthochromia), which has induced certain authors
to deduce that spinal lesions are probably hsemorrhagic in
type. There is no doubt that hsemorrhagic foci are

present in many cases, but at the same time we cannot
exclude the view of Roussy and Lhermitte,lO who hold that in
a certain number of cases the nervous agitation caused
by the deflagration has produced a direct traumatism of
the vertebral column, and that the spinal concussion will
therefore be of the same nature as the second category
of spinal lesions, to which we have given the name of direct
concussion.
The following has been urged in support of the hypo-

thesis. The concussed man is often thrown to the ground,
blown up, bruised, or buried, so that the role of agitation is
not easy to distinguish from that of direct injury. More-
over, even when a single explosion can be shown to be the
cause it occurs in the most typical cases behind the patient,
who gathers the impression of having received a blow on his
back or loins (Leri). There would thus be produced a sort 

‘

of blow on the vertebral column, and we know as a fact
that in these patients ecchymoses do occur in the limbs
and certain other parts of the body exposed to the de-
flagration, which, acting like a blow, causes haemoptysis,
haematuria, and the like. It is possible that the same may
hold good in concussion, or that the blow caused by the
explosion is superadded to the phenomena which accompany
atmospheric compression or decompression-factors often
brought in to elucidate the pathogeny of concussion from
explosion. Roussy and Lhermitte," from a study which
they have made of these symptoms, have formulated a theory
which brings the symptoms of indirect concussion into

close association with those of direct concussion. The impact
- violent and limited by the edges of the cone of compressed
gas to the spine or paravertebral region-would be comparable
to the impact of a projectile. In each case, the authors
say, the impact is transmitted to the nervous or spinal
elements by the cerebro-spinal fluid, the sole difference being
that in direct concussion the immediate traumatic agent
penetrates and bruises, whereas in concussion caused by
pure explosion there is commotion and agitation only.

It appears, then, that the study of direct concussion ou2;ht
especially to give us interesting information, seeing that it
appears to resume in a more general way the story of spinal
concussion. II.

(b) Di1’{}Ct eonous8’ion.-In our first study of direct spinal
concussion (October, 1915) we demonstrated that the passage
of war projectiles through the vertebral canal or its imme-
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diate neighbourhood (fracture of the spinous processes, for
instance), even when .the dura mater is not injured, leads,
by the violence of the impact, to a series of phenomena
suggesting a lesion of the spinal cord. Further, direct con-
cussion of the cord may result from the passage of a projectile
into the spinal muscles or from the impact of neighbouring
bony surfaces (ribs, spinous processes, scapula) on each other.
This is direct concussion as a result of impact at a distance
from the spine. Toe clinical phenomena are the same
whether they result from indirect concussion (at a distance
from the spine) or from direct (by traversing the spine).

Spinal lesions always attain their maximum intensity at the
level where the violence is applied, and, of course, the
disturbances observed depend on localisation of these lesions
at different levels of the spinal cord. IWe shall now study these disorders according to the partinjured.
CervioaZ region.-M. Pierre Marie and Madame A. Benisty 12

have described the t’raftsient quadriplegia which follows

injury to the cervical region ; they have also pointed out the
frequency of spinal hemiplegia of the concussional type
which usually changes to brachial monoplegia. We have
seen many cases of pernaanent quadriplegia produced by
concussion in the upper cervical region. On a stage of
flaccid paralysis of the four limbs there follows a more
and more marked tendency to spasm and the paralysis
becomes complicated by sensory disturbances, both sub-

jective as well as objective, of spinal or radicular origin.
In three cases a Claude Bernard syndrome of cervical type
was present, and in one case the Claude Bernard-Horner
unilateral syndrome made its appearance.
We have also seen aprima1’Y bracaial monoplegia occurring

both as a flaccid and secondarily spasmodic type; this mono-
plegia is usually associated with subjective and objective
sensory disturbance, of radicular distribution, sometimes

very obstinate.
Braohial dipxgia is one of the most curious of the clinical

types of cervical concussion. It occurs early as a sequel to
certain injuries of the nape of the neck (transverse retro-
vertebral bullet-tracks). The upper limbs are from the first
completely paralysed, even while the lower limbs remain
unaffected, and it, is not without astonishment that some
days after the injury the wounded man is to be seen standing
and walking about, whilst his upper limbs, still completely
paralysed, hang inert at his sides. Among the most charac-
teristic symptoms of this clinical type we may notice shooting
pains of radicular type and disturbances of sensation,
especially concerning deep sensibility and tactile sense, with
greatly increased interval at which compass pricks can be
separately discerned, and even after the patient has recovered
adequate movement of the hands the astereognosis persists.
Finally we must add, to complete a very special clinical
picture, frequent want of coordination of the movements of
the lower limbs noticeable in the erect attitude and becoming
manifest in the upper limb when movement reappears
(asynergy, dysmetry), all manifestations of cerebellar nature.

This concussional brachial diplegia- appears to us always
to terminate favourably; movement returns little by little in
the paralysed limbs, but their functional use is disturbed
for a long time by asynergy or dysmetry of cerebellar type as I
much as by the ataxia associated with alterations of deep
sensation. These last phenomena persist long into the
remote phase, when the recovery of motor power is nearly
complete. In two cases which we studied these cerebellar
disturbances existed without paralysis or any important
disturbance of sensation. Such a patient presents the

staggering, tipsy gait of cerebellar lesion, whilst his move-
ments are sudden and spasmodic, and examination confirms
the presence of spasticity. This cerebellar spasmodic form
of spinal concussion of the cervical region appears to us
to be of favourable prognosis, for the incoordination, though
well marked, passes off rapidly.
Besides these well characterised types we must include a

series of a&ograve;orti1’e forms which vary according to the pre-
dominance of one or another symptom.

- Dc?’M "o.&mdash;’Concussion of the dorsal region gives rise
to a symptomatology of which the gravity is variable from a
paresis of the lower limbs lasting but a short time to a

complete paralysis such as occurs after complete section of
the cord, along with all intermediate types. Generally the
symptoms come on with striking rapidity; motor and sensory
functions apparently much involved are re-established, at
least to some extent, after some weeks. Flaccid paralysis

from the beginning becomes transformed in these as in the
cervical forms without much delay into spasmodic para-
plegia without gross sensory changes. The bladder and
rectum are generally involved.

Lz.mbczr regi,’n.-We have seen only very few cases of
direct concussion of the lumbar region. Their symptomat-
ology depends upon the height of the lesion and the addition
of radicular lesions to the spinal. There is no need to insist
on a common clinical picture, which is that of compression
or division of the cord, capable of easy analysis. 

’

III.

Morbid anatomy.-Cerebral and spinal concussion are
regarded by most authors as based upon an anatomical sub-
stratum, of wh1ch heamorrhage, associated or not with
softening, is tha usual lesion. We have been at pains since
1915, by histological examination of numerous cases, to
combat this opinion, founded more on imagination than on
exact anatomical examination. Haamorrhagic foci are seen,
but less frequently even than meningeal haemorrhages, and
they are not the essential and characteristic lesion of con-
cussion. Direct concussional agitation of the nervous system
leads to changes of two kinds, diffuse and local, both of
the necrotic type.

Local changes.-These we have described under the term
insular necrosis. They consist in more or less extensive
foci. generally situated exactly at the level of the point of
application of the injury, whether this be actually vertebral
or in the vicinity of the vertebral column. In these foci
the nervous elements-axis cylinders, myelin sheaths, and
nerve cells-are in process of destruction or already com-
pletely transformed, whilst the neuroglial elements are in
process of proliferation and new blood-vessels are being
formed. The whole appears to be a process of pure necrosis
without either thrombosis or haemorrhage. Later on pro-
liferation of the fibrillary neuroglia proceeds and disposes of
the last remains of the granular bodies. In some very severe
cases the interstitial elements themselves die and the focus
is absolutely necrotic. The tissues of the focus are absorbed
and a cavity is formed, surrounded by a neuroglial network.
This observation is not devoid of interest; the appearance
of the cavities in syringomyelia exhibits the most marked
analogy with the loss of substance occurring in concussion.

Diffuse changes.-The diffuse changes which we have de-
scribed under the term of acute primary degeneration of the
spinal tracts are apt to elude observation, and can only be
studied properly by the silver method and in longitudinal
sections. The axis cylinders are then easy to see broken up in
larger or smaller fragments, pea-shaped or moniliform. The
nerve fibres have for the most part lost their parallelism, they
are retracted, curled on themselves, and cross one another.
Around the broken fibres are grouped the granular bodies of
neuroglial origin, containing in their protoplasm the debris of
axis cylinders and am&oelig;boid cells with protoplasmic processes
dissociating the myelin fibres which surround them.
The structure of the grey matter is not easy to make out.

The ganglion cells are loaded with lipochromes, and, above
all, the protoplasm appears full of chromophile granules
fused in large irregular lumps. This change appears to us
characteristic of spinal concussion.
We may add that the central canal is often dilated

between constrictions, and there is often desquamation or
proliferation of its epithelium; curiously enough, the fibres
of the roots take part in the process of acute primary
degeneration noted higher up in the fibres of the cord.
We consider, then, that the anatomical lesions, of which we

have here given a general picture, and which we have described
elsewhere at length, are of a type so distinct that they merit
a place apart in the record of the morbid anatomy of spinal
lesions. The results of these inquiries are of great interest
because they show that spinal concussion is not, as is generally
supposed, dependent upon so simple a change as hmmato-
myelia, but can only be regarded as a complication of changes
occurring in the spinal cord and originally quite distinct.
We conclude further that concussion of the spinal cord,

and especially direct concussion resulting from impact on
the vertebral column or in its neighbourhood. should, from
its etiology, its clinical course, and its morbid anatomy, be
assigned a place apart in war neurology. Its history is still
incomplete, but we thought it would be of intprest to surgeons
and physicians to have pointed out to them at this stage the
principal features, for the condition deserves to be better
known and not to be confused with the other common
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traumatic changes in the cord on the one hand, or with
functional nervous disorders on the other hand, in view of
the very different prognosis and treatment needed by these
diverse spinal syndromes.
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CONTRIBUTION TO THE STUDY OF THE
MANIFESTATIONS OF EMOTIONAL SHOCK

ON THE BATTLEFIELD.
BY CL. VINCENT,

PHYSICIAN TO THE PARIS HOSPITALS; FORMERLY MEDICAL OFFICER TO
THE 46TH AND 98TH R.I. AND TO THE 44TH B.C.P.

Many observations have been published dealing with
mental disorders or nervous troubles following on the
emotions experienced on the battlefield. In nearly all these
cases the connexion between the mental and nervous troubles
observed and the emotional shock which has produced them
has been established on the evidence of the patient. But

experience has shown us that in most cases the man has given
no account of the first manifestations of his emotion. We are
also aware how rapidly in the light of reflection-either spon-
taneous or produced by systematic questioning-the ideas
which the man has about what has occurred to him become

changed. If we add that in many cases the man declares
that he lost consciousness it will be readily understood how
difficult it is to establish the origin of mental and nervous
troubles following on emotion, especially emotional shock.
The observations which recount the phenomena presented

by soldiers from the moment at which the emotion occurred
until their return to the normal state have, in my opinion,
an entirely different value. These observations show, in the
first place, that many of the disorders attributed to con- I
cussion are really manifestations of emotion; and, on the other
hand, they establish the relationship between phenomena
observed in certain soldiers behind the lines and at army
depots, and the quasi-instantaneous manifestations of
emotional shock to which men on the battlefield have been
subjected. Consequently they help, to some extent, in

unravelling the nervous and mental troubles seen during the
days which follow the emotion, and which are difficult of
interpretation when their origin is unknown. The same
observations also explain, in a measure, the differing values
placed by neurologists on phenomena of the same origin, to
be explained by the fact that they have seen their patient on
the battlefield only and have not followed the development
of the first phenomena shown ; or else their observations have
been made behind the lines or ’at depots where they have
only seen secondary and late phenomena and not the initial
stage. These neurologists are talking of two’consecutive and
differing aspects of phenomena having the same origin.

Account of Case.
In the account which follows it has been possible to watch

the man from the moment of infliction of the emotional
shock to the instant at which the phenomena following the
the emotion disappeared. The physical and mental disturb-
ance lasted about a fortnight. All phases have been noted.1

1 In France various regimental medical officers (Voivenel: Progr&egrave;s
M&eacute;dical, 1918; Oberth&uuml;ret Duroselle: Revue Nenrologique, 1916; Dide;
Emotions, Alcan &eacute;diteur. 1918) have published observations made

actually on the field of battle.

A-, llth Comp., 9dth R.I., aged 23 years. On active service for two
years. Not alcoholic. Had not been overworked. The regiment had
just had a long rest. Had never suffered from concussion.
On August 20th, 1917, at 4.35A.M , while his company was advancing

to take A- Wood, a shell of medium calibre fell on the eflge of the
trench whence they were starting. It slightly wounded some of them
and affected another without touching him, without even throwing him
to the ground, but in such a way that he was unable to follow his
comrades to the assault. I was a few dozen metres away, and being
warned at once ran to him, less than 5 minutes elapsing from the fall
of the projectile to the moment at which I reached the man. He was
sitting at the bottom of the trench, some yards from where the shell
had fallen. He was trembling all over. It was imposs ble to get a
word from him except, "Oh. my ears!" I tried to help him, but he
paid no attention I tried to make him stand up, but he remained inert.
But, it was " the hour H--.’ The men were attacking. Some had
already fallen and I could not remain with A&mdash;&mdash;. I said to htm,"Gr&laquo;
to the aid-post of the battalion as quickly as you can."
When I returned to the aid-post at about 10.45 A.M. my man

was there. The orderly said to me, He came in 5 hours ago." But
from the trench where he had been affected to my regimental aid-
post in the ravine of C- was at least 1200 metres. Be-ides, he had to
pass the battalion aid-post. It had not, therefore, taken him long to
come.

Exttmination on August :20th at 11 o’clock-that is to sav, 6&frac12; hours
after the shock. I put a certain number of questions to hIm: he
answered slowly after reflection. but precisely. He gave the fol owing
information: " It was 4.30 A.M. when the shell fell. I believe it was a
’105.’ It tell half a metre from me on the edge of the trench. Two of my
comrades were wounded. One was wounded in the face. They are gone ;
I do not know what has become of them. I lost consciousness. but not
for long. I do not know exact y for how long. When I came to mvself
I was trembling. Some men were passing who accompanied me to the
aid-post of the battalion. I did not know where I was. I followed the
stretcher-bearers in order to get here-i.e., the regimental aid-post.

Condition at the moment of observation.-Appearance dull and tearful.
Pulse 110, respiration 36, although he had been lying down for some
time. There was a fine tremor of the hands, but sufficiently coarse to
be seen at a distance. His body did not tremble. He complained of
a deep pain in his ears. He was conscious of whistling and buzzing.
Auditory acuity diminished; he could hear the speaking voice at half a
metre. Tendon, cutaneou’, and pupil reflexes normal. Sensation
normal. No contraction of the visual field.

I escorted him to the regimental aid-post, where he lay on a hanging
stretcher covered by a blanket. The rest of the Jay of August 20th, the
night of the 20th-21st, the day of the 21st, he did not stir either to eat or
drink (refusing what was offered to him) or to urinate.
August 21st Still trembling; still dull. He only answers slowly,

as if with great effort, the questions put to him. Pulse 120. resptra-
tion 42. Blood-pressure : Systolic 135, diastolic 90. Same state of
auricular apparatus. As he had not passed water since the morning of
the 20t,h the hypogastric region was percussed out. A suprapubic
dullnetis was present. He was asked to pass water. Micturition took
some time. He succeeded in passing some grammes of urine, which
examination showed to be normal. Lumbar puncture; cerebro spinal
fluid normal. (The lumbar puncture was carried out after retention
of urine was discovered.) .

I August 24th : His completely emptied his bladder this morning-
about 1000 g. of urine. Trembling much less. Pulse 110; respiration 42.
Ears in the same condition.. Appearance less dull. It was easier to
make him answer, although it still took a long time to get anything
out of him.
In order to estimate his intellectual activity, we asked whether he

had written home. He said that he had not, because, in the first place,
he was trembling too much, and also it was not long since he had
written. Usually he wrote every three days, and he had written before
going into the line. When we said to him: " But that is five days ago,you should have written," he answered : 11 I did not think that we had
been so long in the line."
He had lost count of time, He thought that it was July, whereas we

were in the month of August. We gave him ’ he paper to read. He read
with difficulty, without fluency, and very differently from the way in
which he read nfterwards. After reading a few lines we asked him what
he had read, but he was unab’e to say. We made him count up to 20,
which he did slowly and with difficulty. We made him count from 100
to 120. which he did still more slowly. Sometimes two or three
seconds elapsed between two consecutive figures. We gave him some
sums to do, addition, subtraction, and multiplication, which la’er he
did correctly, or nearly so. These he now took a long time to do and
all were incorrect, even addition and subtraction. In these the results
of the first two columns of addition and subtraction were correct, but
those of the other columns were wrong. The results were wrong when
he attempted addition and aubtractiun of more complicated figures.
Also they were wrong because each time he had forgotten to carry. He
was unable to fix his attention.

August 26th : Reading more freely than on the 24th. Counts without
stopping between the numbers. Knows which month it is. Cannot
remember the meaning and the words of a sentence which he has been
made to copy. We again made him do the same sums he had done
before. He did them very slowly. All were wrong.
August 30th: Respiration 25. Still trembled slightly, especia’ly in

the right hand. Was, however, able to write home on August 28th.
The condition of the ears was improved, even though the whistling
and buzzing persisted. especially in the right ear. He is fully aware
that it is the month of August and thAt the attack was carried out on
August 20th. He counts up to 20 in 7 seconds. Ic takes him 15 minutes
to do the sums. They are still wrong, but the mistakes are fewer.

Sept. 4th: Respiration 26. Blood-pressure: Systolic 105, diastolic 70.
The trembling has disappeared even in the right hand. The ear con-
dition is still better. He suffers no longer; he is still a little annoyed at
times by the buzzing, and auditory acuity is not normal. He has re-
covered his appearance. He no longer has the dull air which he bad. He
writes home every day and occupies himself in one way or another.
When he was told to come in to be examined he was looking for wood
to make a door to the aid-post. He did the sums in 5 minutes 25seeonds.
The addition was right. There was one mistake in the subtraction and
one in the multiplication. Returned to duty. 

’

Uot. 16th, 1917 : Has been on duty since the day he joined his
company. Intellectual activity normal. Did the sums as described
above in 6g minutes. The addition was correct; there was one mistake


